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AGROCHEMICAL COMPOSITION CONTAINING ACTIVITY-ENHANCING ADJUVANTS 

This inveation relates to m agrochemical composition and in particular to an 
agrochemical composition containing activity-enhancing adjuvants. 

5 Agrochenucals are generally used with an adjuvant or combination of adjuvants 

to provide optimum biological activity. The search is always on to provide adjuvants 
which provide improved activity. Much has been published on the selection of adjuvants 
to achieve particular effects with mdividual agrochemicals and classes of agrochemicals. 
One particular class of adjuvants are alkyl amine ethoxylates. Particular known examples 

10 of these adjuvants are tallow amine ethoxylates and cocoa amine ethoxylates such as 
those sold under the Ethomeen trade mark. Because these compounds are derived from 
natural sources, they are mixtures of compounds with different length alkyl chains which 
are on average between C12 and C20. One problem with these known alkyl amine 
ethoxylates is that they have a rather high toxicological profile, particularly in terms of 

15 ecotoxicity. Qearly, for agrochemicals which must be applied to fields, this can be a 
serious drawback. We have discovered that there is a class of alkyl amine alkoxylate 
adjuvants which can be used in combination with a selected secondary adjuvant to give 
both a synergistically enhanced activity and also a surprisingly very low toxicological 
profile and in particular excellent ecotoxicological characteristics, and provide 

20 compositions which are especially benign to the envux>nment It is exceptional to find 
adjuvants which combine a high level of activity enhancement with low toxicity. 

Accordmg to the present invention there is provided an agrochemical 
composition comprising 
(i) an agrochemical active ingredient 
25 (ii) an alkyl amine alkoxylate adjuvant of formula (J) and salts and amine oxides thereof 

[H-(OR)a] V 

N-CH2CH(CH2CH3)CH2CH2CH2CH3 (I) 

[H-(OR)aO ' 

30 

wherein the groups R are one or more C2-4 branched or straight chain alkylene groups, 
the sum of a and a' is 1-30, and 
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(iii) a second adjuvant, a 0,5% by weight solution in water of which has a dynamic 
surface tension of no more than 50mNm-l at 40ms. 

According to a further aspect of the present invention there is provided an 
agrochemical composition comprising 

5 (i) an agrochemical active ingredient 

(ii) an alkyl amine alkoxylate adjuvant of formula (I) and salts and amine oxides tiiereof 

[H<OR)a]2-N-CH2CH(aH2CH3)CH2CH2CH2CH3 (0 

wherein the groups R are one or more C2-4 branched or straight chain alkylene groups, a 
is 1-30, and 

10 (iii) a second adjuvant, a 0.5% by weight solution in water of which has a dynamic 
surface tension of no more than 50mNm-l at 40ms. 

Examples of agrochemicals are insecticides, fungicides and herbicides. Preferred 
agrochemicals are herbicides and fungicides, particularly herbicides. We have found that 
the activity enhancing effect of the adjuvants in the composition of the present invention' 

15 is particularly and surprisingly marked when the agrochemical active ingredient is water- 
soluble. The agrochemical for use in the composition of the present invention is 
preferably a water-soluble electrolyte such as an agrochemical salt, in particular a 
herbicidally or fungicidally active agrochemical salt. Examples of herbicidally active 
agrochemical salts are salts of glyphosate, fomesafen, glufosinate, mecoprop p or 

20 methylchlorophenoxy acetic acid (MCPA). Typical of the commonly available salts of 
glyphosate are the isopropylamine, trimethylsulphonium, sodium, potassium, 
ammonium, and ethanolamine salts. Fomesafen is generally formulated as the sodium 
salt. Glufosinate is generally formulated as the ammonium salt. Mecoprop p is 
generally formulated as the potassium salt. Examples of fungicidally active salts are 

25 propamocarb, generally sold as the hydrochloride salt, and fosetyl, generally sold as the 
aluminium salt. 

The groups -(OR)-, may be the same or different. Preferably, the groups -(OR)- 
are one or more of -OCH2CH2-, -OCH2CH2CH^, or -OCH2CH(CH3)-, more preferably 
one or more of -OCH2CH2- or -OCH2CH(CH3K that is, oxyethylene or oxyisopropylene. 
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The groups -(OR)a- and -(OR)a- can be homopolymers or random or block copolymers. 
Thus the definition of group -(OR)a- and -(OR)a'- for example includes a group 

-(OCH2CH2)x-(OCH2-CH(CH3))y - 
wherein a or a' is represented by the sum of x and y. Other combinations of for example 

5 oxyethylene, oxypropylene and oxybutylene groups m any desired order are similarly 
included in the definition of -(OR)a- or -(OR)a- Where tiie groups -(OR)a- and ■.(OR)a»- 
are random or block copolymers, they preferably comprise at least 50% of oxyethylene 
groups, -(OCH2CH2)-. Most preferably -(OR)- are aU oxyettiylene groups. 

' The values of the sum of a and a' represent an average over the product as a 

10 . whole and the sum of a and a' is not necessarily therefore an integer. Whilst ttie scope of 
the present invention mcludes mono-substitution on the nitrogen (a or a' is 0), 
alkoxylation will generally take place such that neither a or a' is 0. In many instances the 
average values of a and a' will be die same or similar, although as noted above the 
pattem of substitution may vary as between individual molecules. For the purposes of 

15 the present invention however, it is the (average) sum of a and a* which is of particular 
relevance and preferred values of the sum of a and a' are from 1 to 30, for example from 
2 to 15 and especially from 5 to 10. 

Examples of salts of the alkyl amine alkoxylate adjuvant include phosphate, 
sulphate, carboxylate, acetate, formate and chloride although many other suitable salts 

20 wiU occur to one skilled in the art. Alternatively the alkyl amine alkoxylate adjuvant can 
form a salt witii an acidic agrochemical such as glyphosate. Salts of the alkyl amine 
alkoxylate adjuvant can also be prepared from acidic surfactants, for example optionally 
ethoxylated alkyl or alkylene ester derivatives of phosphoric acid or phosphonic acid, or 
optionally ethoxylated alkyl or alkylene carboxylic acids or sulphonic acids. It will be 

25 appreciated that where tiie relevant acid has more than one functional group, the option 
for different salt stoichiometrics and mixed salts exists and all such variations are 
included herein. 

Amine oxides of alkyl amine etiioxylates are compounds of formula (I) in which 
the amine group also carries an oxygen, and having a formula (EE) 

30 O- 
[H-(OR)a] \ I 
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N-CH2CH(CH2CH3)CH2CH2CH2CH3 (D) 



[H-(OR)a.] ' 



In order to provide synergistic activity enhancement on certain difficult weeds, 
5 the second adjuvant needs to be sufficiently surface active. Preferably a 0.2% by weight 
solution in water of the second adjuvant has a dynanaic surface tension of no more than 
50mNm-l at 40ms. Even more preferably a 0.1% by weight solution in water of the 
second adjuvant has a dynamic surface tension of no more than 50mNm-l at 40ms 

Dynamic surface tension can be measured using the maximum bubble preissure 
10 method. Various commercial instraments are available for measuring dynamic surface 
tension by the maximum bubble pressure method, for example the Lauda MPT-2 
TTiaYtiniim bubble pressuTc instrument The dynamic surface tension at 40msecs is 
determined j&om the maximum pressure in a bubble blown from a c^iUaiy inserted into 
a surfactant solution, for a bubble surface lifetime of 40msecs. 
15 In order to obtain the benefit of the excellent ecotoxicological properties of the 

amine ethoxylate, it is also necessary that the second surfactant has good 
ecotoxicological properties. 

The second adjuvant can be one or more cationic surfactants, anionic surfactants, 
amphoteric surfactants or non-ionic surfactants and such surfactants are well known m 
20 the art. Examples of nonionic surfactants include alkyl gjucosides (mono or poly), sugar 
alkyl esters, glycerol alkyl esters, alkoxylated alcohols, alkoxjdated caiboxyUc acids, 
alkoxylated alkyl aryls, alkoxylated sorbitan esters, alkoxylated amides, alkoxylated 
acetylenic diols and alkoxylated polysiloxanes where the alkoxy groups can be ethoxy, 
propoxy or butoxy or a mixture. Nonionic surfactants may also include block 
25 copolymers containmg alkoxy groups such as block copolymers of ethylene oxide and 
propylene oxide (or butylene oxide) and block copolymers obtained by polycondensation 
of ethylene oxide and propylene oxide (or butylene oxide) on ethylenediamine. 

Examples of amphoteric surfactants include alkyl betaines and alkyl 
amphocarboxylates. 
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Possible anionic surfactants include optionally ethoxylated and/or propoxylated 
alkyl phosphates, alkyl sulphates, alkyl sulphosuccinates, alkyl carboxylates, 
alkylbenzene sulphonates and alkyl sarcosinates. 

Possible cationic surfactants include optionally ethoxylated and/or propoxylated 
5 amines, quaternary aimnonium salts and amine oxides. 

Preferred secondary adjuvants are alkyl glucosides, ethoxylated primary or 
secondary alcohols, ethoxylated carboxylic acids, ethoxylated sorbitan esters, block 
copolymers of ethylene oxide and propylene oxide, alkyl betaines, optionally ethoxylated 
alkyl phosphates, optionally ethoxylated alkyl sulphosuccinates, optionally ethoxylated 
10 aUcyl sulphates and optionally ethoxylated alkyl carboxylates. Especially preferred 
secondary adjuvants are alkyl glucosides such as those disclosed in EP 220902. 

In addition to the second adjuvant, further adjuvants such as ammonium sulphate, 
urea or humectants, such as glycerol, polyethylene .glycol, sorbitol, ethylene glycol, 
propylene glycol and lactate salts can also be included 

15 The proportions of alkyl amine alkoxylate adjuvant, second adjuvant and 

agrochemical, for example glyphosate (expressed as the acid) may vary withm wide 
ranges depending on the deshed level of activation. The ratio of the alkyl amine 
alkoxylate to the second adjuvant is preferably from 1 : 20 to 8 : 1, for example 1 : 10 to 
6 : 1, especially from 1 : 6 to 4 : 1 and most preferably about 1 : 2 to 2 : 1. The 

20 proportion of alfcyl amine alkoxylate adjuvant to agrochemical is from 1:40 to 3:1 for 
example from 1:20 to 3:1 by weight and especially from 1:10 to 1:1 by weight 

The compositions of the present invention may be used on their own but are 
preferably used in the form of a composition containing a carrier comprising a solid or 
liquid diluent Preferably, the diluent is water to provide an essentially aqueous 
25 composition. 

Compositions of the invention include both dilute compositions, which are ready 
for immediate use, and concentrated compositions, which require to be diluted before 
use, usually with water. The concentration of tiie composition will depend on the nature 
of the active ingredient. Typically, and especially for example if the active ingredient is 
30 a herbicide, the compositions contain from 0.01% to 90% by weight of the active 
ingredient. Dilute compositions ready for use preferably contain from 0.01 to 2% of 
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active ingredient, while concentrated compositions may contain from 20 to 90% of 
active ingredient, although from 20 to 70% is usually preferred. 

The solid compositions may be in the form of granules, or dusting powders 
wherein the agrochemical active ingredient, alkyl amine alkoxylate and secondary 

5 adjuvant are mixed with a finely divided solid diluent, e.g. kaolin, bentonite, kieselguhr, 
dolomite, calcium carbonate, talc, powdered magnesia, Fuller's earth, urea and gypsuuL 
In some instances, and in particular when the active ingredient is glyphosate, inorganic 
salts such as ammonium sulphate may be used both as adjuvant and solid support. They 
may also be in the form of dispersible powders or grains, comprising a wetting agent to 

10 facilitate the dispersion of the powder or grains in liquid. Solid compositions in the form 
of a powder may be applied as foliar dusts. 

The rate of application of the compositions of the invention will depend on a 
number of factors depending in particular on the nature of the active ingredient When 
die active ingredient is a herbicide, such factors include, tiie compound chosen for use, 

15 the identity of the plants whose growth is to be inhibited, die formulations selected for 
use and whether the compound is to be applied for foliage or root uptake. As a general 
guide, however, an application rate of from 0.001 to 20 kilograms active ingredient per 
hectare is suitable while from 0.025 to 10 kilograms per hectare may be preferred. 

When the active ingredient is a herbicide, the invention provides, in a fruther 
20 aspect, a process for severely damaging or killing unwanted plants, which process 
comprises applymg to the plants, or to the growth medium of the plants, a herbicidally 
effective amount of a composition as hereinbefore defined. 

When the active ingredient is a fringicide, the invention provides, in a further 
aspect, a process for severely damaging or killing unwanted ftmgi, which process 
25 comprises applying to the fungi, or to the growth medium of the plants, a fungicidally 
effective amount of a composition as hereinbefore defined. 

The invention is illustrated by the following Examples in which all parts and 
percentages are by weight unless otherwise stated. 

EXAMPLES 



30 1. Ecotoxicitv Data 



wo 02/26036 PCT/GBO 1/04051 

The following ecotoxicity results were obtained for various alkyl amine 
alkoxylates using the following test method. First instar Daphnia magna Qess than 24 
hrs old), obtained from cultures were exposed to a range of concentrations of the test 
amine ethoxylates in hard blended water (160-180 mg CaC03 /litre). 10 Daphnia magna 

5 were added to each vessel which were then placed at .~20 degrees C on a 16/8 light/dark 
day. Organisms were assessed at 24 and 48 hours, the effect observed being 
immobilisation after gentle agitation. Tbc EC50 values were calculated using a 
statistical package, the 95% confidence limits are quoted in brackets. 

The tested alkyl amine alkoxylates were all of the general formula (I); 

10 and the details of each are given in table L The amine ethoxylates were tested in the 
presence of potassium glyphosate in order to protonate the amine. Potassium glyphosate 
itself does not make a significant contribution to the daphnia toxicity. The remaining 
adjuvants were tested in die absence of potassium glyphosate. It can be seen that the 
ecotoxicity of the alkyl amine alkoxylates 3 to 6 falling within the definition of the 

15 present invention was very much lower that that for the nearest previously known 
compounds I to 2. It will be appreciated that the higher the EC50 value, the lower the 
toxicity. 
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Table 1 



Number 


Alkyl Amine Alkoxylate 


Paphnia toxidfy 

EC50 adUuvanM (48 hom^) 


1 


Ethomeen T25™ ; = taUow (C18 ave 
straight chain alkyH; a + a' = 15 


1.5 (1.1-2.0) 


2 


Ethomeen C25™ ; R' = cocoa (C12 
ave. straight chain alkyl) ; a + a' = 15 


5.4 (4.1-7.3) 


3 


= 2-ethyl hexyl; a + a' = 8 


>400 


4 


R^ = 2-ethyl hexyl; i + a'= 2 


50 (35-70) 


5 


R^ = 2-ethyl hexyl; a + a*= 6 


^100 


6 


R^ = 2-ethyl hexyl; a- + a'= 12 


>100 


7 


Agrimul PG2067 


51 (48-54) 


8 


Synperonic PEL 62 


50-100 


9 


Sodium dodecyl sulphate 


16 (11-23) 



AGRIMUL PG2067 is an alkyl polyglycoside which has a degree of 
5 polymerisation of 1.7 and a mixed alkyl chain of 45% octyl and 55% decyl. AGRIMUL 
is a trademark of Cognis. 

SYNPERONIC PE L62 is a ethylene oxide/propylene oxide block copolymer 
having a molecular weight of 2400 md contaming 20% ethylene oxide. SYNPERONIC 
is a trade name of Uniquema. 
10 2. Dynamic Surface Tension 

The dynamic surface tension measurements were carried out with a Lauda MPT-2 
maximum bubble pressure tensiometer. The dynamic surface tension at 40 msecs was 
determined from the maximum pressure in a bubble blown from a capillary inserted into 
a surfactant solution, for a bubble surface lifetime of 40 msecs. The dynamic surface 
15 tensions were determined for solutions containing 0.1%, 0,2% or 0.5% by weight of the 
second adjuvant in deionised water at 20®C. For comparison, the dynamic surface 
tension of a 0.5% by weight solution of 2-ethylhexyl amine 8E0 adjusted to pH4 with 
dilute hydrochloric acid (to protonate the amine) was also determined at 20°C. 
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Table 2 



Sample 


% by weight 


Dynamic Surface Tension 
mNm'^ at 40 msecs 


2-ethylhexyl amine 8E0 


0.5 


64 


Agrimul PG2067 


0.1 


59 


Agrimul PG2067 


0.2 


47 


Agrimul PG2067 


0.5 


32 


Synperonic PE L62 


0.1 


48 


SjTiperonic PE L62 


0.2 


46 


Synperonic PE L62 


0.5 


42 


Sodium dodecyl sulphate 


0.1 


No data 


Sodium dodecyl sulphate 


0.2 


53 


Sodium dodecyl sulphate 


0.5 


39 1 



3, Efficacy Testing 

Potassium glyphosate, in combination with the adjuvants specified below in 
5 Table 3, was applied to Lolium perenne (LOLPE), Avena fatua (AYEFA) and 
Chenopodium album (CHEAL) drilled as rows in the field, at a spray application volume 
of 2001/ha. Application rates were 100, 200, 400 and 600 g glyphosate acid/ha and each 
treatment was replicated 3 times. Data (mean of the three replicates and across all rates) 
is presented for a visual assessment of % control carried out 33 days after application, 
10 where 0 = unaffected and 100% = complete kill 



Tables, 



Adjuvant 


LOLFE 


AVEFA 


CHEAL 


0.2% EthomeenT25 (standard) 


54 


83 


90 


0.2% 2-ethylhexyl amine 8EO 


47 


68 


74 


0.2% 2-ethylhexyl amine 8E0 + 
0.1% Agrimul PG2067 


71 


85 


93 



The 2-ethylhexyl amine ethoxylate in combination with Agrimul PG2067 has 
15 provided equivalent activity to Ethomeen T25. 
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4> Comparative Efficacy Testing 

Potassium glyphosate was applied at 240 g glyphosate acid equivalent/ha to 
Chenopodium album (CHEAL), EchinocMoa crus-galli (ECHCG) and Sorgham 
halepense (SORHA) plants grown in the glass-house. All treatments were made up in 

5 deionised water and applied using a tracksprayer with a 1 1002 nozzle at a spray 

application volume of 2001/ha. All treatments were replicated 4 times. After spraying 
the plants were laid out in a glass-house and maintained at a temperature of 24°C by day 
and 1 by night. The Agrimul PG2067 and Synperonic PBL62 adjuvants were used 
in a proportion 0.2% w/v. The adjuvant 2-ethylhexyl amine 8EO was used at both 

10 0.2%w/v and 0.3%w/v. The adjuvant Sodium dodecyl sulphate was used in a proportion 
of 0.3%w/v. When applied as binary blends all adjuvants were used in a proportion of 
0.1%w/v except Sodium dodecyl sulphate which was applied at 0.2% w/v. A visual 
assessment of % control, where 0=unaffected and 100=complete kill, was carried out 21 
days after treatment. 

15 Table 4 

9-KthYUiftyyl amtnft 8EO in combination with Agrimul PG2067 (0.2% total adjuvant) 



2-ethyIhexyl amine 8EO 


Adjuvant 2 


ECHCG 


SORHA 


CHEAL 


0.1% 


Agrimul PG2067(0.1%) 


98 


94 


89 




Agrimul PG2067(0.2%) 


85 


84 


78 


0,2% 




63 


74 


59 


Control (no adjuvant) 


Control (no adjuvant) 


48 


21 


3 



It will be seen that the combination of 2-ethylhexyl amine 8EO with Agrimul PG2067 
20 according to the present invention at a total adjuvant level of 0.2% is more effective than 
either component on its own at the same loading of 0.2% 
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Tables 

2-Ethvlhexvi amine 8E0 in combination with Svnperonic PEL62 (0.2% total adjuvant) 

5 



2-ethylhexyl amine 8E0 


Adjuvant 2 


ECHCG 


SORHA 


CHEAL 


0.1% 


Synperonic PEL 62 (0.1%) 


91 


91 


71 




Synperonic PEL 62 (0.2%) 


79 


68 


50 


0.2% 




63 


74 


59 


Control (no adjuvant) 


Control (no adjuvant) 


48 


21 


3 



It will be seen that the combination of 2-ethylhexyl amine 8EO with Synperonic PEL 62 
according to the present invention at a total adjuvant level of 0.2% is more effective than 
either component on its own at the same loading of 0.2% 
10 Table 6 

2-EthvIhexvl amine SEP in combination with sodium dodecvl sulphate 
fO.3% total adjuvant) 



2-ethylhexyl amine 8E0 


Adjuvant 2 


ECHCG 


SORHA 


0.1% 


Sodium dodecyl sulphate (0.2%) 


85 


84 




Sodium dodecyl sulphate (0.3%) 


78 


76 


0.3% 




64 


75 


Control (no adjuvant) 


Control (no adjuvant) 


48 


21 



15 It will be seen that the combination of 2-ethylhexyl amine 8EO with sodium dodecyl 
sulphate according to the present iavention at a total adjuvant level of 0.3% is more 
effective than either component on its own at the same loading of 0.3%. 
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gaims 

1. According to the. present invention there is provided an agrochemical 
composition comprising 

(i) an agrochemical active ingredient 
5 (ii) an alkyl anaine alkoxylate adjuvant of formula (I) and salts and amine oxides 
thereof 

[H-(OR)a] \ 

N-CH2CH(CH2CH3)CH2CH2CH2CH3 00 

10 [H-(OR)a>] ' 

wherein the groups R are one or more C2-4 branched or straight chain alkylene 
groups, the sum of a and a* is 1-30, and 
(iii) a secondary adjuvant, a 0.5% by weight solution in water of which has a dynamic 
15 surface tension of no more than 50mNm-l at 40ms. 

2. A composition according to claim 1 in which the agrochemical is a herbicide or 
fungicide. 

3. A composition according to claim 1 or claim 2 in which the agrochemical is a 
herbicidally active agrochemical salt of glyphosate, fomesafen, glufosinate, mecoprop 

20 p, or methylchlorophenoxyacetic acid. 

4. A composition according to any preceding claim in which the groups -(OR)- are one 
or more of oxyethylene groups or oxyisopropylene groups. 

5. A composition according to claim 4 in which -(OR)- are oxyethylene groups. 

6. A composition according to any preceding claim in which the sum of a and a' is 2 to 
25 15. 

7. A composition according to any preceding claim in which a 0.2% by weight solution 
in water of the second adjuvant has a dynamic surface tension of no more than 
50mNm-l at 40ms. 

8. A composition according any preceding claim in which a 0.1% by weight solution in 
30 water of the second adjuvant has a dynamic surface tension of no more than 50mNm- 

1 at 40ms. 
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9. A composition according to any of claims 1 to 6 in which the secondary adjuvant is an 
alkyl glycoside, an ethylene oxide/propylene oxide block copolymer or an optionally 
ethoxylated allc^l sulphate . 

10. A composition according to claim 1 in which the ratio of the alkyl amine alkoxylate 
5 adjuvant to the second adjuvant is from 1 : 20 to 8 : 1. 

11. A composition according to claim 1 in which the ratio of alkyl amine alkoxylate 
adjuvant to agrochemical is from 1 :40 to 3: 1 by weight 

12. A process of severely damaging or killing unwanted plants which process 
comprises applying to the plants or to the growth medium of the plants, a 

10 herbicidally effective amount of a composition according to claim 1 . . 

13. A process for severely damaging or killing unwanted fungi, which process 
comprises applying to the fungi, or to the growth medium of the plants, a 
fungicidaUy effective amount of a composition according to claim 1, 



15 
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